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SALT-WATER ENCROACHMENT, GEOLOGY, AND
GROUND-WATER RESOURCES OF SAVANNAH AREA,
GEORGIA AND SOUTH CAROLINA

By Harran B. Counts and Erris DoNsky

ABSTRACT

The Savannah area consists of about 2,300 square miles of the Coastal Plain
along the coast of eastern Georgia and southeastern South Carolina. Savannah
is near the center of the area. Most of the large ground-water developments
are in or near Savannah. About 98 percent of the approximately 60 mgd of
ground water used is pumped from the principal artesian aquifer, which is
composed of about 600 feet of limestone of middle Eocene, Oligocene, and early
Miocene ages.

Industrial and other wells of large diameter yield as much as 4,200 gpm
from the principal artesian aquifer. Pumping tests and flow-net analyses
show that the coeflicient of transmissibility averages about 200,000 gpd per ft
in the immediate Savannah area. The specific capacity of wells in the prin-
cipal artesian aquifer generally is about 50 gpm per ft of drawdown. The
coeflicient of storage of the principal artesian aquifer is about 0.0003 in the
Savannah area.

Underlying the Savannah area are a series of unconsolidated and semicon-
solidated sediments ranging in age from Late Cretaceous to Recent. The
Upper Cretaceous, Paleocene, and lower Eocene sediments supply readily avail-
able and usable water in other parts of the Coastal Plain, but although the
character and physical properties of these formations are similar in the Savan-
nah area to the same properties in other areas, the hydraulic and structural
conditions appear to be different. Deep test wells are needed to evaluate the
ground-water potential of these rocks.

The lower part of the sediments of middle Eocene age acts as a confining
layer to the vertical movement of water into or out of the principal artesian
aquifer. Depending on the location and depth, the principal artesian aquifer
consists of from one to five geologic units. The lower boundary of the aquifer
is determined by a reduction in permeability and an increase in salt-water
content. Although the entire limestone section is considered water bearing,
most of the ground water used in the area comes from the upper part of the
Ocala limestone of late Eocene age and the limestones of Oligocene age. The
greatest volume of water comes from the upper part of the Ocala limestone,
but the greatest number of wells are supplied from the rocks of Oligocene age.
The Tampa limestone and Hawthorn formation of early Miocene age are gen-
erally water bearing; the amount and quality of the water depends on the
location. The water from some wells in the Tampa and most of the water
from the Hawthorn is high in hydrogen sulfide.

In the northeastern part of the area the principal artesian aquifer is close
to the land surface. Here the confining layer is thin and in some of the
estauaries it may be completely cut through by the scouring action of the
streams during tidal fluctuations. In this part of the area artesian ground
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2 SALT-WATER ENCROACHMENT, SAVANNAH AREA

water at one time discharged from the aquifer as submarine springs. Now
a reverse effect may be occurring; ocean and river water may be entering the
aquifer.

The silts, clays, and very fine sands of the upper Miocene and Pliocene(?)
series generally have low permeabilities and form the upper confining layer
for the principal artesian aquifer. Although all the sediments overlying the
principal artesian aquifer are considered to be part of the confining layer,
locally some of the upper units are water bearing.

The uppermost geologic units in the Savannah area are sediments of Plio-
cene(?) to Recent age and consist of sands, silts, and clays with shell and
gravel beds which are a source of water for shallow wells.

The first large ground-water supply from the principal artesian aquifer was
developed in 1886 by the city of Savannah. Additional municipal and indus-
trial supplies have been developed since that time. Pumpage progressively in-
creased to a peak of 62 mgd in 1957. Outside of the city and industrial area
the 1957 pumpage was about 9 mgd. In 1958 the total pumpage in the Savan-
nah area was about 68 mgd or about 3 mgd less than in 1957. The Industrial
and Domestic Water Supply System supplied about 26 mgd of treated surface
water to industries in 1958.

Before ground-water supplies were developed in the Savannah area, the
artesian head in the principal artesian aquifer generally was above land sur-
face; but with the progressive increase in pumping, the artesian head declined.
By 1958 the piezometric surface or artesian head had been lowered more than
145 feet near the center of pumping.

Ground water from the principal artesian aquifer generally has a low min-
eral content, but in the northeastern part of the Savannah area the lowering
of the artesian head has caused highly mineralized water in the lower part
of the aquifer to start moving toward Savannah. However, the chemical qual-
ity of water pumped from the artesian aquifer has changed little since the
first wells were drilled.

Salt water -is present in the lower part of the principal artesian aquifer
about 15 miles northeast of Savannah and in the materials underlying the
aquifer throughout the Savannah area. The salt water appears to be incom-
pletely flushed water of Pleistocene age, and the hydraulic gradient indicates
that it is moving laterally toward Savannah at a slow rate. At the present
rate of pumping in the city of about 60 mgd, or even at double that rate,
many years, perhaps more than a century, probably will elapse before water
in the aquifer at Savannah becomes salty. .

Most of the ground water pumped in the Savannah area is derived from
precipitation on the outcrop of the principal artesian aquifer 60 to 100 miles
to the north and northwest. The potential rate of recharge to the aquifer
probably exceeds the theoretical maximum quantity that can be transmitted
through the aquifer. The rate of recharge, therefore, probably is not a limit-
ing factor determining the quantity of water that can be pumped from the
aquifer in the Savannah area.

The pumping has lowered the water level or artesian head in the principal
artesian aquifer near the center of pumping so much that very little addi-
tional ground water can be safely developed in that part of the area. Addi-
tional supplies of ground water can be developed by distributing the pumping
over a wider area. Savannah and the surrounding area can support additional
water-using industries if new wells are drilled to the northwest, west, and
southwest of the city outside the present industrial area.



SALT-WATER ENCROACHMENT, SAVANNAH AREA 3

INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

Ground water is used in the Savannah area for industrial, public,
and domestic purposes. It has been developed chiefly because of its
availability everywhere in the area, its uniform temperature and
quality, and its relatively low cost.

Over the years water levels have been continually lowered; this
has caused concern that the water supply might be depleted seri-
ously by overpumping or improper development, or that the supply
might be contaminated by salt water moving into the aquifer where
it is exposed on the ocean floor to the east of Savannah.

The value of the ground-water supplies in the Savannah area is
difficult to determine accurately because the water is used for many
different purposes, but it probably is more than $10 million annually.

Most of the ground water used in the Savannah area is pumped
from a limestone aquifer (water-bearing strata) known as the prin-
cipal artesian aquifer. It is about 600 feet thick and lies from
about 100 feet below the surface in the northeastern part to about
350 feet below the surface in the southwestern part of the Savannah
area; it includes limestone of Miocene, Oligocene, and Eocene ages.
(See pl. 8.) The units of the aquifer are described in the section
on geology and water-bearing properties of the rocks.

The possibility of salt-water encroachment due to overdevelop-
ment of ground-water supplies led to the investigation described in
this report. The investigation was planned to study the possibility
of salt-water contamination of the principal artesian aquifer, and
if salt water was present, to determine its vertical and lateral extent,
and to trace its movement. Hydrologic data, water samples for
chemical analyses, and pumpage data were collected.

To provide a framework for the ground-water investigation, a
detailed study was made of the effects of lithologic changes and
structure on the occurrence and movement of water in the rocks.

The investigation was made by the U.S. Geological Survey in co-
operation with Chatham County, the city of Savannah, and the
Georgia Department of Mines, Mining and Geology.

LOCATION OF AREA

The Savannah area as described in this report includes about
2,300 square miles along the Atlantic Coast of eastern Georgia and
southeastern South Carolina. The areas of this and other recent
reports on ground-water in Georgia are shown in figure 1. The
Savannah area includes all of Chatham County and most of Bryan,
Effingham, and Liberty Counties in Georgia and parts of Beaufort
and Jasper Counties in South Carolina.
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EXPLANATION

B2

Area described in this report

8

O(/ Areas described in
previous reports

T 25 0 25 50 MILES
[ & & oees—e—. )

Fi6URE 1.—Map of Georgia showing Savannah area in Georgia and South Carolina and
areas described in previous reports.

PREVIOUS INVESTIGATIONS

The earlier reports about ground water in the Savannah area
were concerned with generalities about the geology of the whole
area, detailed descriptions of the geology penetrated by individual
wells, or a detailed analysis of the hydrology of the principal arte-
sian aquifer; but none of them were concerned with the interrela-
tionship of the geology, hydrology, and salt water encroachment of
the aquifer.

The earliest discussion of ground water in the Savannah area was
by MecCallie (1898) in his report on the Coastal Plain of Georgia.
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A second report by NlcCallie (1908) described the ground-water
conditions in the entirq state. Veatch and Stephenson (1911) wrote
on the geology of the Georgia Coastal Plain with descriptions of the
individual counties. ur years later a more comprehensive report
by Stephenson and Veptch (1915) described the occurrence of un-
derground water in the counties of the Coastal Plain of Georgia.

Collins, Lamar, and Lohr (1932) listed information and chemical
analyses of the water supply of Savannah, Ga. Lamar (1940b)
described the water supply of Savannah and listed analyses of eight
city wells. An unpublished report prepared by the East Georgia
Planning Council in 1937 listed some records of wells and estimated
the amount of artesian water used and wasted in the six coastal
counties of Georgia.

A report by Stringfield, Warren, and Cooper (1941) contained
some of the early results of an investigation of the ground-water
resources of southeastern Georgia.

Until 1955 the Savannah area was included as part of the cooper-
ative investigations of the entire eastern Coastal Plain of Georgia
and Florida. Early reports resulting from cooperative studies were
Warren’s report and supplement (1944a and 1944b), and a report
by Cooper and Warren in 1945. Subsequently, a report restricted
to the Savannah area was prepared by Warren (1955), and that year
Herrick and Wait (1955) prepared a report on test drilling in the
Savannah area. Herrick and Wait (1956) described some of the
geologic and hydrologic conditions in the Savannah area. Stewart
and Counts (1958) described the water-level changes in the coastal
counties of Georgia, southeastern South Carolina, and northeastern
Florida. Another report by Counts (1958) described the quality of
ground water in the Hilton Head Island area.

Stringfield and Cooper (1951) discussed factors affecting the yield
of aquifers in the South Atlantic Coastal Plain. Siple (1957b)
wrote a memorandum report on the geology and ground-water re-
sources of the nearby Parris Island area, South Carolina.

Four recent reports which discuss regional and state ground-water
conditions have been published. In 1953 a brief report related to
artesian water in nine southeastern states was published (String-
field, 1953). Thomson, Herrick, Brown, and others (1956) dis-
cussed the occurrence of ground water in the Coastal Plain. Siple
(1957a) summarized the ground-water conditions in the Coastal
Plain of South Carolina. A short report by Callahan (1958) dis-
cussed some basic principles of hydrology and summarized the geol-
ogy of the major aquifers in Georgia.
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Water-level measurements made in observation wells in the Savan-
nah area from 1935 to 1955 have been published in water-supply
papers by the U.S. Geological Survey. The water-supply papers
listed in the bibliography cover the United States from 1935 to 1939
and the Southeastern States from 1940 to 1955. Subsequent meas-
urements are planned for publication in water-supply papers at
later dates.

METHODS OF INVESTIGATION

The investigation began in April 1954 with the drilling of two
test wells. Test well CHA-357 was drilled on Cockspur Island,
about 18 miles east of Savannah, and test well BFT-101 was drilled
on Hilton Head Island, S.C. (See pl. 1.) These test wells were
drilled under contract to aid in determining the position of salt
water in the coastal parts of the aquifer and to determine the geo-
logic age, character, and thickness of the aquifer and the confining
layers above and below it.

In 1956 test well CHA-357 was deepened to determine the thick-
ness and character of the lower confining layers of the principal
artesian aquifer. This well was modified by placing well points at
different depths and separating them from the rest of the hole with
neat-cement plugs. A 114-inch pipe extends from each isolated well
point to the surface. This makes possible the collection of repre-
sentative water samples from the various depths for chloride analy-
ses. Early in 1957 test well BFT-101 was also modified in the
same manner, but was not deepened. In 1958 a third test well,
BFT-804, was drilled on the north end of Daufuskie Island, S.C.
(pl.1).

Geologic information was obtained mostly from water-well drill
cuttings in the field and from the core library maintained by the
Georgia Department of Mines, Mining and Geology in Atlanta, Ga.
Valuable suggestions regarding the stratigraphy of the area were
made by S. M. Herrick of the U.S. Geological Survey. Additional
geologic information was obtained from three holes drilled for min-
eral investigations and from a few exposures in the western and
northwestern part of the area and along the Savannah River. The
concentration of well-drilling activity in Chatham County provides
closer geologic control in that part of the area.

Hydrologic data included information on water-level fluctuations.
Individual water-level measurements of about 65 wells were made
monthly, and water levels in 33 wells were measured quarterly. In
addition, water-level recorders installed permanently on 15 wells
provide a continuous record of water-level fluctuations. Some of
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the recorders have provided information for nearly 20 years. A few
recorders have been in operation less than a year.

Hydrologic information in the form of pumping-test data was
used to determine various characteristics of the acquifer.

Chemical analyses of water from many wells in the area provide
a record of the chemical constituents in the water. The analyses
of water samples from three test wells provide a continually length-
ening record of changes in chemical composition which occur at par-
ticular depths in the aquifer.

The methods of geologic investigation in the Savannah area are
primarily indirect; that is, it is not possible to see the geologic
formation and observe or sample it in places. In this area the geo-
logic formations are brought to the surface in the form of cuttings
or cores, which have been broken and ground by the drilling bit or
recovered in a core barrel. Coring is not commonly practiced in
drilling a water well so the majority of well samples are recovered
as broken fragments of the rock. Sometimes there is only a muddy
suspension as when clay or very fine-grained sediments are disinte-
grated in drilling fluids; sometimes no samples are recovered.

The samples from each well are preserved, catalogued, examined,
described, and a log of the well is made. This log is then studied
and compared to logs of other wells. Using these logs as guides,
a subsurface section or series of sections of the area can be con-
structed.

Most of the information regarding the geology of the Savannah
area comes from driller’s and electrical logs. (See table 2 and
fig. 2.) Formations are distinguished by and correlations are made
on the basis of composition, fossils, and stratigraphic position.
These data are summarized diagrammatically in a fence diagram
of the Savannah area. (See pl. 2.) A geologic section based on
well data is shown on plate 3.

The descriptions of geologic units in this report are given with
the following qualifications:

1. The deeper formations have been tapped less often; therefore,
the description from any one well, while considered reliable,
may seem to be inconsistent with the description of another
well many miles away.

2. The descriptions of well cuttings, whether complete or incom-
plete, are subjective. One observer may call a sample a cal-
careous sand, another may call the same sample sandy lime-
stone. Also the determination of grain size usually is done
visually, and different observers may describe the same sample
somewhat differently.
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3. The material as it is recovered from the well is wet and usually
soft. However, when the cuttings dry they harden and mate-
rial that is high in caleium carbonate may be described erro-
neously as limestone.
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WELL-NUMBERING SYSTEM

The well numbers used in this report were assigned to the wells
consecutively in each county as the wells were scheduled. An abbre-
viation for the county in which the well is located precedes the well
number distinguishing it from a well with the same number in
another county. For example, well CHA-357 is the 357th well
scheduled in Chatham County, Ga. The only exception is well PI-2
which is the second test well drilled on Parris Island, Beaufort
County, S.C.

GEOGRAPHY
THE ATLANTIC PLAIN

The Savannah area lies within the Sea Island section of the
Coastal Plain province, which is a part of the Atlantic Plain (Fen-
neman, 1938). The Atlantic Plain is subdivided into two parts, the
emerged plain or Coastal Plain, and the submerged Continental
Shelf. The Atlantic Plain extends from southern Texas eastward
to central Georgia and Florida and northward to Cape Cod, Mass.
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The Gulf and Atlantic Plains are similar in many respects, but there
are also differences, of which the most striking feature is that the
Atlantic Plain, excluding the Florida Peninsula, is much narrower
than the Gulf Plain. The average width is about 200 miles for both
the submerged part and the emerged part. In contrast the Gulf
Plain is about 500 miles wide from its inner margin, the Fall Zone,
to the outer edge of the Continental Shelf.

The seaward slope of the Coastal Plain is only slightly inter-
rupted by features of the coastal terraces and the present shore.
From the Fall Zone near Augusta at an approximate altitude of
450 feet and on a line southeastward through Savannah, the relief
is about 450 feet in 125 miles. The gradient of the land surface
averages about 3.6 feet per mile, about the same as that of the Con-
tinental Shelf. The coastal terraces generally are flatter and their
gradients, which are about 1.5 feet per mile, are similar in magni-
tude to the flattest part of the Continental Shelf.

The Savannah area is drained by two major rivers and many
small streams and estuaries. The two major rivers, the Savannah
and Ogeechee, generally cross the coastal terraces at right angles
and pass through the Savannah area from northwest to southeast
and empty into the Atlantic Ocean. (See pl. 1.)

THE CONTINENTAL SHELF

The Continental Shelf is the submerged part of the continent and
is the continuation, beneath the sea, of the Atlantic Plain. The
inner edge of the Continental Shelf is arbitrarily drawn at the
present coastal beaches. The outer edge of the Continental Shelf
usually is defined as the 100 fathom line (600 ft below mean sea
level). At 600 feet the slope increases markedly, and this increase
in slope marks the edge of the continent. A notable exception to
this exists in the region extending from Cape Hatteras, N.C., to
eastern Florida where the steep slope begins at a depth of about
50 fathoms, or 300 feet. The Continental Shelf varies in width, but
near the Savannah area it is about 85 miles wide.

From the coast to the outer edge of the Continental Shelf the
overall average gradient is about 3.5 feet per mile. However from
the shore to 1 or 2 miles offshore the gradient is greater, about 30
feet per mile. The slope between 10 and 20 fathoms (60 and 120 ft)
is about 2 feet per mile, and from 20 to 50 fathoms (120 to 300 ft)
gradients average 3.5 feet per mile.

CLIMATE

The climate of the Savannah area is characterized by mild tem-
peratures and abundant rainfall. Winters usually are short and
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mild, but include occasional cold periods of a few days duration.
Summers commonly are long and hot; maximum temperatures range
from 95° to 100°F during July and August. According to the U.S.
‘Weather Bureau, the average annual precipitation recorded at Savan-
nah for the period 1874 to 1958 is 45.75 inches, and the average
annual temperature for the period 1874 to 1958 is 66.4°F. Rainfall
usually is well distributed for agricultural needs, and the largest
amounts occur during the spring and summer. The distribution of
the average monthly precipitation and temperature at Savannah is
given below:

1874-1958
Month Precipitation | T &
recipl n ‘e1m] ature
(inp es) 3'15)

JANUATY - - e 2. 45 51.6
February._ e ciea- 2. 82 53. 4
Mareh . - o e 3. 49 58. 7
April. el 2. 47 65. 7
Y o o e e = 2.91 72. 9
JUNe . e 5.17 79.0
July- . LI 7. 09 81.2
August. oo 6. 25 80. 4
September___________ .. 6. 50 76.7
October. - e 2. 45 67.0
November. _ - e 1. 51 57.5
December. _ .. e 2. 64 51.7

The average frost-free growing season is 273 days; the average
date for the last freeze in spring is February 26 and for the first
freeze in fall is November 26.

CULTURAL DEVELOPMENT

The population of the area outside of Chatham County has de-
creased slightly from 1940 to 1950. The 1950 population for the
counties covered by this investigation is listed as follows:

Population (rounded)
Tota) area
County (sq mi)
Total (1950) | Average (per

8q mij)
Beaufort, 8.C.ccoo ... e 672 27, 000 40
Bryan, Ga_..o_o________ ______________ 439 6, 000 14
Chatham, Ga. o« ._ 441 | ' 193, 000 400
Effingham, Ga.. . ______________ 480 9, 000 19
Jasper, 8.C. . . 578 11, 000 19
Liberty, Ga_ - - o oo . 510 8, 000 17
3,120 254,000 |- ______.

1 Estimate of July 1, 1958 by the Georgia Department of Health.
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Most of the people are employed by industries in the city of
Savannah and Chatham County. There are many farms in the area
which grow cotton, corn, tobacco, livestock, and pecans, but non-
farm employees outnumber farm workers by about eight to one.

Many products are manufactured and processed in the Savannah
area. The many large industries include the world’s largest pulp
and paper mill, a sugar refinery, shipbuilding and repair, fertilizer
plants, and chemicals. Savannah is a large seaport as well as a
large manufacturing center. Many of the factories are near the
Savannah River where they are served by ocean-going vessels which
bring in raw materials and take out manufactured products.

‘Two military bases, Hunter Air Force Base and Fort Stewart,
are in the Savannah area. Parris Island Marine Corps Recruit
Depot is located on Parris Island in Beaufort County, S.C.

Savannah is served by five railroads, two major U.S. highways,
and three airlines.

GEOLOGY AND WATER-BEARING PROPERTIES OF THE
ROCKS

All the sedimentary rocks in the Savannah area are of late Meso-
zoic and Cenozoic age. Only sand and clay of Pleistocene to Recent
age are exposed at the surface, except in the northern part where
older rocks crop out along the banks of the Savannah River. Most
of the formations were deposited during various transgressions and
regressions of ancient seas. Associated with the deposits that were
laid down during the marine invasions and retreats are sediments
that appear to have been deposited in bays, lagoons and estuaries,
or generally in nearshore areas. A lesser amount of the sediment
was deposited on river flood plains closely adjacent to the sea.

In the Savannah area the rocks underlying Upper Cretaceous
sediments, the lowermost sedimentary rocks, have been called the
basement complex. They consist of a wide variety of igneous and
metamorphic rocks.

The water-bearing properties of any rock are determined in part
by its physical properties such as grain size, texture, porosity, per-
meability, cementation, compaction, and constituent minerals. The
ability of a formation to store and transmit water is determined by
its shape, altitude, and position relative to recharge and discharge.
" Most of the water used in the Savannah area comes from the
principal artesian aquifer, which is composed of limestone and marl
of middle Eocene to early Miocene age. The term “marl” in this
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report will refer to a soft limestone containing varying amounts of
clay and other disseminated material such as quartz, mica, and glau-
conite. Below the aquifer the marl and dense limestone of the
Tallahatta formation act as a confining bed. The Lisbon formation
of middle Eocene age, which overlies the Tallahatta, is the lower-
most unit of the aquifer in the western part of the Savannah area.
Toward the east a facies change occurs in the Lisbon causing the
permeability to be lowered, and the formation becomes a part of
the lower confining bed. In that part of the Savannah area where
the Lisbon is a confining bed the overlying Gosport sand is the
basal unit of the aquifer. Above the Gosport, the Ocala limestone
of late Eocene age and the undifferentiated limestones of Oligocene
age are the most productive units of the principal artesian aquifer.
The basal portion of the Tampa limestone of early Miocene age is
the uppermost unit of the aquifer and overlies the Oligocene beds.
The clayey sand and marl of the upper part of the Tampa and the
silt and clay of the Hawthorn formation of late Miocene age are
the upper confining layers for the principal artesian aquifer in the
Savannah area.

The principal artesian aquifer is a source of water for all of the
Coastal Plain of Georgia, and it also extends southward into Florida
and westward into Alabama.

Locally, shallow sand deposits of Miocene to Recent age above the
upper confining layer of the principal artesian aquifer yield water
to wells in small amounts. The quantity and quality of the water
and the geologic age of the water-bearing formation 